We present observations of the high-redshift QSO GB1759+7539 (z em = 3.05) obtained with HIRES on the Keck 10m telescope. The spectrum has a resolution of FWHM = 7 km s −1 , and a typical signal-to-noise ratio per 2 km s −1 pixel of ∼ 25 in the Lyα forest region, and ∼ 60 longward of the Lyα emission.
INTRODUCTION
In recent years rapid progress has been made in observational and theoretical studies of Lyα absorption lines in the spectra of high-redshift QSOs. Large telescopes have given us the opportunity of studying the lines in much greater detail than ever before, with large gains in both resolution and signal-to noise ratio (S/N) (e.g. Hu et al. 1995; Kirkman and Tytler 1997) . At the same time, recent cosmological simula-⋆ Based on observations obtained at the W. M. Keck Observatory, which is jointly operated by the University of California and the California Institute of Technology.
tions, taking into account a photoionizing ultra-violet background, have suggested that the Lyα clouds at high redshift develop naturally in a hierarchical structure-formation scenario (e.g. Cen et al. 1994; Miralda-Escudé et al. 1996) . The detailed study of the Lyα forest, and comparison with the results of such simulations is perhaps one of the best tests of cosmic structure-formation theories, providing a constraint in the era 2 < z < 5.
The heavy element systems observed in the line of sight to QSOs also provide a wealth of information about the formation of structure at high redshift. Understanding the chemical evolutionary history of galaxies is fundamental to the study of galaxy formation. The largest heavy element systems, damped Lyman-alpha systems (DLAs), are believed to be the progenitors of present day galaxies (Wolfe 1995) . They dominate the mass of neutral gas at redshift z ≃ 3, a mass comparable with that of the stars in present day spiral disks, suggesting that DLAs are the source of most of material available for star formation at high redshift (Lanzetta et al. 1995 ) Prochaska & Wolfe (1997) studied the kinematics of DLAs, concluding that there is evidence for rotation, supporting the theory that they are the progenitors of modern day disk galaxies. This result was disputed by Haehnelt, Steinmetz & Rauch (1997) . CDM models infer that DLAs are more like the progenitors of dwarf galaxies, or galactic halos, a model that is backed by studies of heavy element abundances (Pettini et al. 1994; Lu et al. 1996a ) which have found an abundance pattern more akin to halo stars than disk stars in our Galaxy. Pettini et al. (1994) systematically studied the Zn, and Cr abundances in DLAs, and concluded that they had low metallicity, typically ZDLA ≃ 1/10Z⊙ at z ≃ 2, and that they have a much lower dust-to-gas ratio than the local interstellar medium. Although it is still unclear which population of galaxies give rise to DLAs, it is apparent that the gas in DLAs is at an early stage in the chemical evolution of the object, and so abundance studies should give us an insight into the early stages of galaxy evolution.
In this paper, we present observations and analyses of the absorption spectrum of the QSO GB1759+7539 (zem = 3.05). In §2 we describe the observations and data reduction methods. The analysis of the absorption lines, and identification of the heavy element lines is discussed in §3. Then, in §4, we present the main observational results concerning the Lyα forest, including the column density, and Doppler width distributions, and the clustering properties, as indicated by the two point correlation function. The elemental abundances in the two damped systems are discussed in §5, where the dust content, and nucleosynthesis histories of the two objects are considered. §6 investigates the cosmic microwave background temperature at z = 2.62. The main conclusions are summarized in §7.
OBSERVATIONS AND DATA REDUCTION
The radio source, GB1759+7539 was selected from the Green Bank 5-GHz survey (Condon et al. 1989) , and identified by Hook et al. (1996) as a high-redshift zem = 3.05 radio-loud QSO. Hook et al. noted that this object is optically very bright and hence it is ideal for high resolution spectroscopic study.
The data used in the present study were obtained in two nights (see Table 1 ) using the High Resolution Echelle Spectrometer (HIRES) on the 10m Keck telescope (Vogt 1992) , with the TeK 2048x2048 CCD. The FWHM of the instrument profile was found to be about 7 km s −1 . The HIRES setup is such that complete spectral coverage is only possible for λ < 5100Å, so we used two partially overlapping setups to obtain complete coverage over the wavelength range 4116 -6540Å. This leads to fairly large variations in the S/N from region to region in the final spectrum.
Each image was bias and flat-field corrected using IRAF routines. The cosmic rays were flagged using a median filter and given zero weight in the individual frames. The skysubtracted optical spectra were then optimally extracted, along with a one-sigma error estimate, calibrated to vacuum heliocentric wavelengths, and flux calibrated.
Even after flux calibration, there were some inexplicable low-order variations in the flux level of some of the images. The variations were echelle order dependent, and therefore clearly instrument related. These were removed by picking an apparently unaffected frame as a template, fitting loworder polynomials to the ratio of each frame to the template, and dividing out the variations. This procedure also scaled each spectrum to the same flux level. As the resulting spectrum was used solely for absorption line studies, where the ratio of the line intensity to that of the continuum is important, but the actual flux is not, this should have little effect on any of the analysis.
The echelle orders were then resampled to the same dispersion, and added together weighted according to their S/N. Finally, any bad pixels that escaped attention earlier were corrected and flagged to get zero weight in the line fitting routines. Atmospheric molecular oxygen absorption was removed from the region 6280 -6310Å by dividing by a template generated from a standard star observed at similar airmass.
The continuum level redward of the Lyα emission line was estimated by fitting cubic splines to regions free from absorption lines, using the IRAF continuum fitting routine. The continuum for the Lyα forest region was fitted using the small regions deemed to be free of absorption, interpolating between these regions with a low-order polynomial fit. The region containing O VI and Lyβ emission was fitted separately, in a similar manner, but with a higher order polynomial fit. The resulting continuum appears to fit the data well; however, in regions where the fitted continuum was possibly not accurate, it was allowed to vary in the line fitting routine VPFIT (see later.) These variations were never found to be more than about 2% of the original fitted continuum level.
DATA ANALYSIS
Voigt Profiles were fitted to the absorption lines, using the software package VPFIT (Webb 1987; Cooke 1994) , in order to determine the redshifts, column densities and Doppler widths of ions with observed absorption lines.
The procedure uses a reduced χ 2 technique, which adjusts the parameters of an initial guess in order to minimize the χ 2 value. The spectrum was fitted in sections, using the smallest regions possible, bounded by where the spectrum reaches the continuum level. After an initial guess, further lines were automatically added until the addition of extra components failed to significantly reduce the normalised χ 2 further (as described in Rauch et al. 1992 ). This usually resulted in a normalised χ 2 ∼ 1.1. Occasionally, such a good fit was not quite possible, due to narrow non-Gaussian noise spikes in the spectrum; probably caused by CCD defects, or cosmic rays not fully removed in the data reduction process.
In some spectral regions where the reduced χ 2 was greater than ∼ 1.1 the VPFIT program attempted to reduce it further by adding weak narrow features fitted to what are evidently noise spikes. A feature of the fits to these features is that the parameter error estimates are large, so they were easily identifiable. To avoid the possibility of overfitting in this way, such features were removed and the spectral region refitted.
The Voigt profile fitting procedure does not necessarily give unique results (as noted by Kirkman & Tytler 1997.) Often from a slight change in the initial guess, the routine settles on different sets of Voigt profiles which both fit the same absorption feature, and satisfy the criteria for a satisfactory fit. The intrinsic errors quoted in this paper are just the formal parameter fitting errors, assuming that the fitted solution in terms of Voigt profiles is correct. Different fits can often yield different solutions with differences much greater than this intrinsic error. This is particularly noticeable for saturated lines, where formal errors in column density can be less than 0.1 dex, but an extra line can alter the fitted column density by 2 dex or more due to the position of the feature on the curve of growth. Therefore, in general, the column density of saturated lines is ignored in this paper, or a very generous lower limit is used.
All fitted lines in the forest were initially assumed to be Lyα. The heavy element systems longward of the Lyα emission line were analysed and all but three absorption lines were positively identified. The Lyα forest was then searched for any new lines belonging to known heavy element systems, before it was finally searched for new heavy element systems. All lines that were not positively identified as a heavy element absorption line have been identified as Lyα for the purposes of this paper.
Atomic data, including oscillator strength, rest-frame vacuum wavelength and radiation damping constant are taken from Morton (1991) , with revised values from Tripp, Lu, & Savage (1996) . We have adopted recent oscillator strength determinations for Ni II (Fedchak & Lawler 1999; Zsargó & Federman 1998) , and the weak Mg II transitions (Fitzpatrick 1997) . Ni II λ1317 remains uncertain, and so this line was not used as a constraint.
Heavy element absorption systems
A total of twelve heavy element absorption systems were identified, ranging from a single C IV doublet, to the complex absorption systems at z abs = 2.625 and z abs = 2.911. Apart from the interest in the heavy element systems themselves, the identification of heavy element lines is crucial to minimise the contamination of the sample of Lyα lines with misidentified heavy element lines in order to study the Lyα forest. Below is a brief summary of the heavy element absorption systems observed. z abs = 0.000 (3 components) Galactic absorption of Na I λλ5891, 5897 was observed. Three components were fitted, with blueshifts of 16 -46 km s −1 z abs = 1.348 (3 components) Three components of Fe II, λ2344, 2374 II, λ2344, , 2382 II, λ2344, , 2586 II, λ2344, , and 2600 , at redshifts z abs = 1.3479, 1.3481, & 1.3485, were observed longward of the Lyα emission line. AlIIIλλ1854, 1862, the only other potentially observable heavy element line within the range covered, lies in the Lyα forest and is obscured by other absorption lines.
z abs = 1.8848 A single narrow-component C IV doublet λλ1548, 1550 was clearly detected at z abs = 1.8848 in the Lyα forest. No other heavy element lines were detected in this system.
There is a complex heavy element system at z abs = 1.935, with C IV, Si II, Si IV, Al II, and Al III absorption detected. The CIVλλ1548, 1550 absorption feature requires six components and has components at velocities of −150 and +180 km s −1 relative to the central ones. It lies in the Lyα forest, and is blended with SII λ1253 at z abs = 2.625 and SiII λ1304 at z abs = 2.484 as well as Lyα forest lines, so some confusion is possible. Si IV λ1402 , but not λ1393 lies within the wavelength range observed, and has a similar structure to that of the C IV absorption. Si II λ1526 , and Al II λ1670 both lie in the Lyα forest as well, but AlIII λλ1854, 1862 was observed redward of the Lyα emission line. Absorption from these three lower-ionization lines was detected only from the central component.
z abs = 2.4390 A single C IV doublet λλ1548, 1550 was clearly detected at z abs = 2.4390, longward of the Lyα emission line. This corresponds to a Lyα line which, if it is also single, has column density logN(H I)= 14.6. No other heavy element lines were detected for this system. z abs = 2.484 (complex) The z abs = 2.484 system has a complicated absorption structure. The Lyα feature has four main components, two at around z abs = 2.484, and outlying components at around ±250 km s −1 , all of which are saturated. The central components have strong low-ionization absorption lines: Si II λ1190, 1193, 1260, 1304, 1526, O I λ1302, Al II λ1670, C II λ1334 , and Fe II λ1608 as well as the higher ionization ions Si III, Si IV, C IV, whereas the outer systems only show absorption in the latter ions. C IV λ1548 is heavily blended with Si IV λ1402 at z abs = 2.84. Al II λ1670, Si II λ1526, and Fe II λ1608 all lie in clear parts of the spectrum and so are well constrained; however, the other lines all lie in the forest where confusion and blending are more likely. C II λ1334 and SiIV λλ1393, 1402 in particular are heavily blended with Lyα .
z abs = 2.625 (complex) The damped Lyα system has a column density of logN(H I)= 20.761 ± 0.007. Redward of the Lyα emission line, Si IV λλ1393, 1402, Si II λ1526, C IV λλ1548, 1550, Fe II λλ1608, 1611 , Al II λ1670 and Ni II λ = 1751, 1741, 1709, 1454, and 1370 were observed. The Al II λ1670 feature was blended with C IV λ1548 at z abs = 2.91. 1190, 1193, 1260, and 1304 were detected in the Lyα forest and fitted simultaneously with the other lines from the same ion species redward of the Lyα emission. NiII λ1317 was also seen, but not used simultaneously in the fit with the other Ni II lines due to uncertainty in its oscillator strength. The N I λ = 1199.5, 1200.2, and 1200.7 absorption features were very distinct and virtually free from Lyα blending. Mg II λλ1239, 1240 , on the other hand, was blended with H I, and so the column density derived can only be taken as an upper limit.
The main component of P II(z abs = 2.6252) was clearly detected, but any components at a slightly higher redshift are blanketed by a Lyα line. Assuming, however, that the PII feature has the same shape as the other low ionization lines, the other components would have a column density of half a dex less than the main component observed. Correcting for this obscuration leads to an increase in the abundance of Phosphorus by 0.24 dex. S II λ1253, and 1259 are blended, but S II λ1250 is not, allowing an accurate determination of the abundance of Sulphur. Many of the heavy element lines were saturated, but amongst the low ionization species, abundances of S II, Fe II, Ni II, N I, and P II were determined. Excited C II* λ1335 was also marginally detected. The velocity profiles of many of the absorption features detected for this system can be seen in figure 1.
z abs = 2.7871 A single C IV doublet λλ1548, 1550 was clearly detected at z abs = 2.7871, longward of the Lyα emission line. This corresponds to a Lyα line with column density logN(H I)= 14.5. z abs = 2.795 (2 components) Two CIV doublets λλ1548, 1550 were detected at z abs = . Velocity profiles (km s −1 ) of heavy element lines in the z abs = 2.91 system. The spectra are all normalized to unit continuum. The zero velocity is fixed at z = 2.91016. The saturated absorption feature partially obscuring C IV λ1548 is Al II from the DLA system. The Al II feature for this system lies near the edge of the observed spectrum. z abs = 2.910 (complex) The hydrogen column density of this large system is logN(H I)= 19.795 ± 0.006. There is a second Lyα component with logN(HI)= 17.021±0.205 lying 420 km s −1 distant from the main system. Only C IV λλ1548, 1550 was detected for this component. CII λ1334, CIV λλ1548, 1550, OI λ1302, AlII λ1670, SiII λ = 1304, and 1526, SiIV λλ1393, 1402, and Fe II λ1608 absorption features were all detected longwards of the Lyα emission line, and abundances were calculated for the unsaturated lines. Si II λ = 1190, 1193, and 1260 were detected in the forest and fitted, by seven components, simultaneously with the Si II lines redward of the Lyα emission. Both SiIII λ1206 and NV λλ1238, 1242 were tentatively seen in the Lyα forest, however the lines were very heavily blended in both cases. The velocity profiles of many of the absorption features identified from this system can be seen in figure 2.
A total of 721 lines were fitted, of which 324 are Lyα forest lines, 248 are heavy element lines redward of the Lyα emission (245 positively identified) and 149 are identified heavy element lines within the Lyα forest. The continuumnormalized spectrum, plotted against vacuum heliocentric wavelength(Å), together with overlying profile fits, and the 1σ error are shown in figure 3 . There are a number of spikes in the error due to cosmic rays or CCD defects. The error spikes around 6280Å are due to molecular oxygen absorption that was removed from the spectrum. The tick marks indicate the positions of line features. A list of the line identifications, together with the fitted parameters is given in table 4.
THE LYMAN-ALPHA FOREST
With one line in three positively identified as a heavy element line within the Lyα forest region of the spectrum, the risk of contamination from further unidentified heavy element lines in the sample of H I lines appears large. Heavy element lines fitted as hydrogen tend to have very small Doppler parameters and large column density errors. The Lyα lines were fitted without the additional constraint of higher-order lines, as the observed spectrum only covered a small fraction of the Lyman-β region. For some features, especially where Lyα clouds are blended with saturated heavy element features, the Voigt profile fit can be ill-constrained, and lead to H I column densities with large errors. We attempted to minimize contamination, and remove ill-constrained lines using an estimated error cutoff of σ N(H I) = 0.5 dex. Only two such H I lines appear, and both were simultaneously rejected using other criteria.
Incompleteness is a problem at the low column density end of the distribution. Line blending, where two or more lines cannot be individually resolved and hence are fitted by a single Voigt profile, is likely to give an over-density of broad lines and a paucity of low column density lines in the observed distribution relative to the intrinsic distribution. The probability of confusion due to cloud blending is high because of the large number of low density clouds. This is especially apparent for lines with N (HI)< 10 13 cm −2 . Some weak lines, especially broad ones, may also be missed simply due to the finite S/N, and uncertainty in the continuum level. In the fitting process, the maximum Doppler parameter allowed was 100 km s −1 , because very few lines larger than this are expected, and they would tend to be very poorly constrained, and could be artifacts of the fitted continuum level.
The effect of line blanketing, where weak lines are lost in the absorption profile of a stronger line, will also lead to an under-density of weak lines. The sample contains a few lowb lines with low column densities, N (H I)< 10 13 cm −2 , that Figure 3 . The spectrum of GB1759+7539, plotted against vacuum heliocentric wavelength(Å), normalized to unit continuum, together with overlying profile fits. The tick marks show the position of the components given in Table 4 . The 1σ error is also shown. Figure 3 . The spectrum of GB1759+7539, plotted against vacuum heliocentric wavelength(Å), normalized to unit continuum, together with overlying profile fits. The tick marks show the position of the components given in Table 4 . The 1σ error is also shown. Figure 3 . The spectrum of GB1759+7539, plotted against vacuum heliocentric wavelength(Å), normalized to unit continuum, together with overlying profile fits. The tick marks show the position of the components given in Table 4 . The 1σ error is also shown. are more likely to be fitted noise features than the intrinsic distribution (Rauch et al. 1992) .
To avoid any adverse effects from the proximity effect, all Lyα clouds within 8 comoving Mpc of the QSO (38 in total) were left out. Only those lines with 13.5 <logN < 14.5, were used to obtain a complete sample with reliable column density determinations. Finally, an error cutoff of σ N(H I) < 0.5 dex, and σ b < M ax[10, 10 b/20] was used, eliminating a further 2 systems, in order to minimise the effects outlined above. After all these restrictions were taken into account, our final sample consisted of 66 lines.
The column density and Doppler parameter distributions are in good agreement with those derived by Hu et al. (1995) , Lu et al (1996b) and Kirkman & Tytler (1997) . Over the limited range in column density available (13.5 <logN < 14.5), the column density distribution is consistent with a single power-law with index β = 1.68 ± 0.15. The Doppler parameter distribution peaks at around b = 23 km s −1 , with a cut-off below about b = 18 km s −1 , and a large tail towards high b-values. It is best fit by a Gaussian of mean b = 26 km s −1 , and standard deviation σ = 12 km s −1 with a cutoff at b = 20 km s −1 . No correlation was seen between the column density and Doppler width of the lines.
Clustering properties
To investigate the clustering properties of the forest lines we calculated the two point correlation function (TPCF)
where N obs (v) is the number of observed pairs at separation v, and Nexp(v) is the number of expected pairs if the lines were randomly distributed along the line of sight. ξ(v) is shown in figure 4 . The TPCF shows a deficit of 61 lines pairs with separations below 50 km s −1 . As the most likely b-value was found to be about 25 km s −1 , and a significant number of lines had Doppler widths considerably larger than this, the deficit could entirely be due to line blanketing, where one line obscures another, or line blending, where two lines would be fitted as one. These blended lines could also help ex- plain the non-Gaussian tail in the b-distribution. This effect could also lower the observed value of ξ(v) for 50< ∆v <100 km s −1 , and so we shall focus on correlations on scales larger than this. There is only marginal evidence of clustering along the line of sight over the velocity range 100< ∆v <250 km s −1 . We find < ξ >=0.18±0.06 over this range. There is no evidence for any clustering on scales larger than this. This result is similar to that of Hu et al. (1995) who found 0.17±0.045 over the range 50< ∆v <150 km s −1 . Lu et al. (1996b) also noted a weak, statistically marginal, clustering signal over a similar velocity range. Cristiani et al. (1997) found a small but significant signal at ∆v =100 km s −1 of < ξ >=0.2±0.04. Further analysis showed that the signal was due to strong clustering in the larger Lyα clouds, and that lines with N (H I)< 10 13.6 cm −2 showed no evidence for clustering. Crotts (1989 ), Chernomordik (1995 , and Hu et al. (1995) have also noted a stronger correlation with larger clouds. Kirkman & Tytler (1997) , however, found no signal on any scale, with < ξ >=0.06±0.045 in the range 50< ∆v <150 km s −1 . Cen et al. (1997) analysed Lyα clouds in simulated spectra, using a ΛCDM model, and predicted a significant positive correlation of < ξ >=0.1 -1.0 on separations of 50< ∆v <300 km s −1 at z=3. Due to the finite box size, this is in fact an underestimate of the correlation in these simulations. Our results are in line with the lower end of the prediction, but rule out clustering on a scale < ξ >∼1.0.
The 1-point and 2-point joint probability distribution
The recent N-body cosmological simulations of the Lyα forest (e.g. Cen et al. 1994; Miralda-Escudé et al. 1996) have called into question the physical meaning behind the Voigt profile fitting procedure. In the past, Lyα clouds were viewed as discrete clouds confined by pressure or gravity within the intergalactic medium (IGM). If these clouds had a Gaussian velocity dispersion then the Voigt profile would describe the resulting line profile, and the physical column density and Doppler width parameters could be estimated. The new paradigm, brought about by the cosmological simulations, views the Lyα forest as fluctuations in the IGM itself. Some of the Lyα forest lines in the simulations are seen to be non-Voigt, due to gravitational infall, or flows in the IGM.
In the simulation models, the Lyα clouds have a variety of shapes and sizes, from nearly spherical clouds, to elongated filamentary structures, and cannot be described by a simple model (Cen and Simcoe 1997) .
The Voigt profile analysis also has large intrinsic uncertainties due to line blending seen in high quality, high redshift data. Different initial guesses, and number of lines fitted to a region may determine different local minima in the χ 2 parameter space (Kirkman & Tytler 1997) This nonuniqueness is not helped by increasing S/N. This has lead to the consideration of other statistics when comparing the observed quasar absorption spectra with those from simulations. Following Miralda-Escudé et al. (1997) , we have measured the 1-point, and 2-point joint probability distribution of the transmitted flux in the Lyα forest spectrum of GB1759+7539.
The Lyα forest region of GB1759+7539 is very rich in heavy element features, with over 30% of the Voigt profiles fitted positively identified as heavy element lines. Heavy element absorption lines tend to be much narrower than Lyα lines, due to the lower thermal velocity dispersion of the heavier ions. We have investigated the effect that heavy element contamination has on the flux statistics, to test their discriminatory power.
The 1-point and 2-point joint probability distribution of the transmitted flux were calculated on the whole available spectrum, excluding the regions where the damping wings of the two large systems suppressed the spectrum. The results are shown as the solid lines in figures 5 and 6. Then, in order to investigate the effect of the heavy element features, all of the identified heavy element lines were masked off, and the distributions were calculated again. The results for the heavy element-free regions of the spectrum are shown as the dashed lines in figures 5 and 6.
It is clear, from studying figure 5, that the effect of masking out the heavy element lines is to slightly raise the average transmitted flux. This is to be expected, as only regions where heavy element absorption was present were masked off, and not regions where no absorption was seen. The shape of the flux probability distribution, however, appears almost unchanged.
The effect of raising the average transmitted flux when the heavy element lines are masked off also explains the higher levels of the mean flux difference at high velocity separations in the heavy element-free spectrum seen in figure 6. The shape of the 2-point joint probability distribution at separation velocities δv < 100 km s −1 is a good indication of the mean profile of the absorption lines. For 0.0 < F < 0.1, the curve depends on the mean shape of saturated lines, whereas the 0.6 < F < 1.0 curve is sensitive to weak absorbers. It can be seen, however, that there is virtually no difference between the two samples, with and without the heavy element lines. This indicates that the statistic does not detect heavy element contamination, or equivalently, it is not a good discriminator between samples where a large minority of lines are drawn from a different, intrinsically nar- rower distribution, and samples where no such narrow lines are present.
Departures from the Voigt profile
A clear signature of deviations from Voigt profiles is observed in the simulated forest spectra (Miralda-Escudé et al. 1996) , typically in systems still in a collapse phase. The cool, dense gas in its core produces a high column-density, narrow component, whereas the bulk motion, and shock-heating of the infalling material typically produces a broader component (Rauch 1996) , producing departures, often assymetric, from the Voigt profile. Although Voigt profile fitting yields an excellent fit to the data, it is expected that information about this intrinsic non-Voigtness is contained in the way that small, or broad lines cluster about intermediate strength Lyα lines. In order to investigate this, we decided to remove all of the strong Lyα lines from the spectrum, leaving just the small clouds that may show some such evidence of clustering. This was achieved by dividing the spectrum of GB1759+7539 by the Voigt profile fits of all heavy element lines, and all the hydrogen lines of Lyα forest clouds with a column density N (H I)> 10 13 cm −2 . All points of the spectrum with a flux level of less than 0.2 times the continuum level were not included in the division, and were then given zero weighting in the following addition. This spectrum should therefore still contain the signature of the small infalling clouds, which would tend to be fitted with Voigt profiles of column density N (H I)< 10 13 cm −2 , with the central narrow components now removed. Although this signature would be difficult to see in any single system, due to the low S/N and blending effects, it can be searched for statistically by stacking many such systems with the central Lyα component removed. If the departures from a Voigt profile were significant, one would expect to see a slight dip in the residual flux either side of the central wavelength in this composite spectrum. A composite spectrum was formed by shifting the divided spectrum of each system to the rest frame of the removed Lyα line, rebinning onto a common velocity scale, and averaging all such rest-frame spectra, using variance weighting. 150 intermediate strength (10 13 < N (H I)< 10 14 cm −2 ) Lyα lines were used, giving a final S/N ∼ 400. The composite spectrum can be seen in figure 7 .
There is no evidence in the composite spectrum (figure 7) of Voigt profile departures due to infalling gas, as described in Miralda-Escudé et al. . The spectrum shows no significant dip either side of the central wavelength, and is consistent with the smaller Lyα lines being distributed randomly along the line-of-sight. Different column density limits, both for the summation, and for inclusion in the division were also used, but the results were similarly featureless. Similar tests need to be performed on simulated data to see if this constraint is an important one.
THE HEAVY ELEMENT SYSTEMS
In the line of sight to GB1759+7539 there are two large systems with conspicuous damping wings, as well as numerous smaller heavy element systems. One of the two systems has a column density N (H I)> 2 × 10 20 ; the established, yet somewhat arbitrary criterion for a damped Lyman-alpha system (DLA) (Wolfe et al. 1986 ). The other system has a slightly lower column density (N (HI)= 6×10 19 ), but displays similar properties to the larger DLAs. In this section we will study the elemental abundances of these two systems. We will only consider those abundance measurements that appear free from saturation effects, and use Fe as the metallicity indicator. The effects of dust on the measured abundances, the ratios of elements produced in different nucleosynthesis processes, and the implications for galactic chemical evolution will be discussed.
Dust depletion
In the diffuse inter-stellar medium (ISM) clouds, the relative intrinsic abundances are believed to be solar, and so any departures are thought to be due to varying levels of dust depletion (Savage and Sembach 1996) . The refractory elements, with a high condensation temperature, are heavily depleted by the formation of dust grains, whereas the abundance of elements with a low condensation temperature is largely unaffected. Generally, the elements S, P, Zn, C, N, and O are depleted by a factor about 3 or less, but elements Si, Fe, Cr, Al, and Ni are much more heavily depleted in the ISM.
High redshift, young galaxies may have a different chemical enrichment pattern than present day galaxies, due to the different timescales of the various nucleosynthesis processes. In order to objectively study the dust depletion seen in DLAs, one therefore needs to compare the abundances of elements produced in the same nucleosynthesis processes that have very different depletion patterns. Vladilo (1998) studied the abundances of Zn, Fe, and Cr in a sample of 17 DLAs, and concluded that the dust-to-gas ratio was between 2 and 25 % of the Galactic value. This is in good agreement with the value of 5 -20 % estimated by Pei, Fall & Bechtold (1991) from their study of the reddening of QSOs with foreground DLA absorption. Pettini et al. (1997a) concluded that the "typical" dust-to-gas ratio of DLAs is only ∼ 1/30 of that of the Milky Way. Lu et al. (1996a) , however, assert that there is no significant evidence for any dust depletion and that the overabundance of Zn relative to Cr may be intrinsic.
Nucleosynthesis and abundance ratios
Detailed abundance analysis of the disk and halo stars has provided evidence of the chemical evolution of our Galaxy (McWilliam 1997) The chemical composition of low mass stars has changed little since their formation, and so by studying the abundance ratios in old, low metallicity stars, we can learn about the nucleosynthesis processes that took place when our Galaxy was forming.
The halo stars have an average metallicity of [Fe/H]∼ −1.6. They have enhanced [α/Fe] ratios (where α includes O, Mg, Si, and S) by a factor of about 3 relative to solar (McWilliam 1997) due to the ∼ 10 8 year time delay between α-element producing SNII and the first SNIa; the main source of Fe-peak elements (Tinsley 1979) . This overabundance has also been observed in DLAs (Lu et al. 1996a; Pettini et al. 1995) .
The production of odd atomic number elements depends on the neutron excess, which in turn depends on the initial metallicity of the nuclear fuel (Truran & Arnett 1971) . This leads to an under-abundance of odd elements, relative to the even atomic number α-elements (e.g.
[Al/Si]) at low metallicity. The [Al/Fe] ratio, however, increases slightly with decreasing metallicity in Galactic stars (McWilliam 1997) indicating that Al could be classified as a mild α-element phenomenologically despite having an odd number of protons.
Some chemical evolution models also predict that nitrogen may be underabundant relative to oxygen in young high redshift objects, due delayed release of primary nitrogen in Figure 8 . Observed elemental abundances relative to solar for the z abs = 2.625 DLA plotted on a logarithmic scale. The errors, and limits are intrinsic and given to 3σ. The upper limit for C II is derived by considering the abundance of C II* and the temperature of the cosmic microwave background at that epoch.
intermediate mass stars relative to oxygen from high mass stars (Vila-Costas & Edmunds 1993) . This effect, however, has not been convincingly seen in H II regions of nearby heavy element-poor galaxies (Thuan et al. 1995) , or in blue compact galaxies (Izotov & Thuan 1999) . It has been investigated in high redshift DLAs by Pettini et al. (1995) and Lipman et al. (1995) . Later Lu et al. (1998) found a large scatter in the N/Si ratio, so giving support for the time-delay model of primary N production.
The Damped Lyα System at z abs = 2.625
The measured abundances for the z abs = 2.625 DLA are listed in table 2, and plotted in figure 8. The velocity profiles of many of the absorption features can be seen in figure 1. In calculating the abundances, it was assumed that the ion species observed were from the dominant ionization stages in H I gas, so that corrections for other ionization stages are negligible. Given the large H I column density of the system, this is believed to be a good assumption (Viegas 1995) . Also, it is assumed that the H I column density is a good measure of the hydrogen content of the system, since the fraction of molecular hydrogen is known to be small (Levshakov et al. 1992) .
Another source of uncertainty is that, as seen in the velocity profile of the heavy element lines, there are several components contributing to this system. In the H I feature, however, this structure is not seen, and it is possible that there may be a metallicity gradient, or additional components contributing to the Lyα line, but not the heavy element lines. We summed the column densities for the heavy element lines over all the components, and so are examining the average properties of the DLA. Although the metallicity may vary through the object, it appears, by comparing the column density of individual heavy element line components, that the relative abundances are fairly constant. The solar abundance values used in the calculation were taken from Anders & Grevesse (1989) .
From the abundance of iron, [Fe/H]= −1.34 ± 0.01, cal- culated using the unsaturated λ = 1611 line, we observe that the z abs = 2.625 DLA has a metallicity Z2.62 ≃ 1/20Z⊙, which is about typical for a DLA at this redshift (Pettini et al. 1997b ). Hence, this galaxy is still in the early stages of its chemical evolution. Note, however, that in reaching this conclusion, it is assumed that there is little depletion of Fe onto dust grains. If much dust is present, the system would have a higher metallicity than estimated.
5.4
The System at z abs = 2.91
The heavy element system at z abs = 2.91 has a hydrogen column density of Log N(H I)=19.8. The heavy element abundances were calculated as described above, assuming no ionization correction. Due to the smaller size, and lower metallicity of this system, different ion species were on the linear regime of the curve of growth, and hence the calculated abundances are for different species than the z abs = 2.625 system. The measured abundances are listed in table 3, and plotted in figure 9. Assuming little dust depletion, the metallicity of this system is Z2.91 ≃ 1/45Z⊙. The velocity profiles of many of the absorption features can be seen in figure 2.
Deuterium Abundance Determination?
Burles & Tytler ( 1998) attempted to determine the cosmologically important D/H ratio by observing the Lyα, Lyβ, and Lyγ absorption line profiles of this system. They claim to have measured a value of Log(D/H)= −4.3 ± 0.3. On the basis of the evidence presented here it is hard to see how this measurement could be reliable. Due to the high column density (Log N (H I)=19.8) of the system, the hydrogen Lyα line (see figure 2 ), and to some extent the Lyβ line, obscure the deuterium counterpart at −80 km s −1 . Several more Lyman series lines would be required to determine the intrinsic structure in the hydrogen absorption of the system, and distinguish this from any deuterium absorption, and any intervening Lyα features. The structure seen in the heavy element absorption lines of the system (7 components of Si II were fitted, spanning over 150 km s −1 ; see figure 2) suggests that even then an accurate determination may not be possible. Unfortunately, they published only the result, and not the full analysis.
Discussion: Dust and the intrinsic abundances
The over-abundance of sulphur relative to iron in the z abs = 2.62 system, [S/Fe]2.62 = 0.5, and silicon in the z abs = 2.914 system, [Si/Fe]2.91 = 0.5 is consistent with that seen in αelements at this metallicity (McWilliam 1997) . Since S is undepleted, yet Fe is heavily depleted by dust, the measurement for the z abs = 2.62 system is consistent with a low level of dust depletion in the DLAs, with Fe depleted by no more than about 0.2 dex. Chemical evolution models predict that there should be a large scatter in the values of [N/O] due to the delayed release of primary nitrogen. In the z abs = 2.62 DLA, the O I λ1302 line is saturated, so a comparison with S is considered instead. This is based on the assumption that the ratio O/S is essentially solar. We find that [N/S]2.62 = −1.0, which is lower than that of the heavy element-poor H II regions, and consistent with the time-delay model of primary nitrogen production.
The abundance of phosphorus was measured at [P/Fe]2.62 = 0.2. In the smaller system, aluminium was observed, with [Al/Fe]2.91 = 0.3. P and Al have an odd number of protons, and so should be under-abundant relative to even atomic number elements. Indeed, [P/S]2.62 = −0.3, and [Al/Si]2.91 = −0.2 as expected. McWilliam (1997) noted that Na, and Al are have a slight over-abundance relative to Fe at low metallicities. Since P is formed from Al by the addition of an alpha-particle, it too should exhibit the same property. Our measured abundance is consistent with this.
The relative abundance of carbon, [C/Fe]2.91 = −0.1, in the smaller system has an essentially solar value. Wheeler et al. (1989) concluded that the abundance of carbon is essentially solar, irrespective of metallicity. A slight enhancement of C was observed in the Galactic disk at low metallicity (Tomkin et al. 1995) , but this was not seen in halo stars (McWilliam et al. 1995) . The important point is that carbon has not been seen to be under-abundant at any metallicity. Since carbon is relatively undepleted by dust, but iron is, any dust depletion in this system would lead to an intrinsic under-abundance of carbon, and so we conclude that the level of dust in the z abs = 2.91 system must be very low.
Unfortunately, the abundances of two elements produced in the same nucleosynthesis processes, but with differing depletion patterns have not been observed. Hence, a direct estimate on the dust depletion is not possible. The abundance patterns observed in the two systems, however, are consistent with a low level of dust and the nucleosynthesis arguments considered above.
THE CMB TEMPERATURE AT Z = 2.62
According to Big Bang theory, the temperature of the cosmic microwave background (CMB) should increase linearly with (1 + z). The local background temperature has been accurately measured at 2.73K. Bahcall & Wolf (1968) suggested that by observing the relative populations of groundstate fine-structure lines of certain atoms, as seen in QSO absorption systems, one could estimate the temperature of the CMB at high redshift. In the last few years, several measurements at high redshift have been made, using the finestructure levels of C I and C II (Songaila et al. 1994(a) ; Songaila et al. 1994(b) ; Lu et al. 1996a; Lu et al. 1996c ), all of which were consistent with the Big Bang prediction.
The C II line of the z abs = 2.62 DLA was saturated. Therefore, in order to estimate an upper limit for the temperature of the CMB, we assume that [C/Fe]2.62 > −0.3 and hence that log N (CII) > 15.7. The ratio [C/Fe] is believed to be essentially solar at all metallicities (Wheeler et al. 1989) , and the effect of any dust would be to increase the intrinsic metallicity, and hence the abundance of C. Therefore, we believe this to be a fair assumption. The velocity profile for the marginally detected C II* absorption feature can be seen in figure 1 . Although the profile appears to match that of other low ionization lines (e.g. Ni II) giving confidence in the identification, it lies in the Lyα forest, and hence there is the possibility of Lyα contamination. Therefore, we take an upper limit (3σ) of log N (C II*) < 13.0. The C II*/C II ratio then yields an upper limit of TCMB < 12.9K at z = 2.62. This is very close to the Big Bang cosmology prediction, TCMB = 9.9K, at this redshift, which suggests that there is negligible excitation of the C II ions by other mechanisms.
SUMMARY AND CONCLUSIONS
We obtained an echelle spectrum of the high-redshift QSO GB1759+7539 (zem = 3.05) using the instrument HIRES on the Keck 10m telescope. The spectrum has wavelength coverage 4100 -6540Å, a resolution of FWHM=7 km s −1 , and a typical S/N per 2 km s −1 pixel of ∼ 25 in the Lyα forest region, and ∼ 60 longward of the Lyα emission. Voigt profiles were fitted to all of the absorption features, and the heavy element lines from twelve heavy element systems were identified. The Lyα forest lines, and the absorption features of the two large systems were analysed in detail.
The observed Lyα forest systems have a mean redshift of < z >= 2.7. The H I column density distribution is well described by a power law distribution with index β = 1.68 ± 0.15 in the range 13.5 < logN < 14.5. The Doppler width distribution is consistent with a Gaussian distribution of mean b = 26 km s −1 , and standard deviation σ = 12 km s −1 with a cut-off at b = 20 km s −1 . There is marginal evidence of clustering along the line of sight over the velocity range 100< ∆v < 250 km s −1 . The 1-point and 2-point joint probability distributions of the transmitted flux in the Lyα forest region of the spectrum were calculated, and shown to be very insensitive to the heavy element contamination. We could find no evidence of Voigt profile departures due to infalling gas, as observed in the simulated forest spectra (Miralda-Escudé et al. 1996 ).
The C, N, O, Al, Si, P, S, Mg, Fe, and Ni absorption features of the large systems were studied, and the elemental abundances calculated for the weak unsaturated lines. The systems have metallicities of Z2.62 ≃ 1/20Z⊙ and Z2.91 ≃ 1/45Z⊙. Both systems appear to have a low dust content. They show an over-abundance of α-elements relative to Fe-peak elements, and an under-abundance of odd atomic number elements relative to even. N was observed in the z abs = 2.62 system, and found to be under-abundant relative to O, in line with the time delay model of primary N production. 
